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ABSTRACT
Background: Childhood obesity has reached epidemic proportions world-wide.
Objective: To compare the types of food in the diet and the nutrient intake of obese children
with those of non-obese children.
Methods: A total of 95 obese and 592 non-obese children aged between 6 and 10 years par-
ticipated in the study. A body mass index (BMI) value exceeding the 95th percentile for age and
gender was taken as the criterion for obesity. Three-day food consumption was recorded and
evaluated according to standard international recommendations. 
Results: Macronutrient intake was adequate in both obese and non-obese children. Energy
intake of the obese children was significantly higher than that of the non-obese children.
Micronutrient intake except fiber of both groups, calcium intake of obese children and vitamin
A intake of non-obese children were higher than recommended amounts. The obese children
consumed excessive fat and sugar, but less fruit and vegetables as compared to the non-obese
children, and less than the recommendations of the food guide pyramid as adopted by the US
Department of Food and Agriculture and the Department of Health and Human Services.
Conclusion: The implementation of educational programs on nutrition may be important for
promoting knowledge about healthy eating among obese children.
Conflict of interest: None declared
INTRODUCTION
Childhood obesity has reached epi-
demic proportions. In a 2004 report of the
World Health Organization (WHO) it was
stated that 10% of children were estimated
to be overweight or obese world-wide.(1)
Wang and Lobstein(2) have recently
reported an increase in prevalence of over-
weight and obesity among children in
more than sixty countries from different
regions of the world. It has been estimated
that over 46% of school-age children will
be overweight in the United States by the
year 2010. A similar trend has been




Commons Attiribution License which
 
distribution and reprodiction in any medium provided the original
This is an open-access article distributed under the terms of the
permits unrestricted
work is properly cited
useObesity has negative implications for
the physical and emotional health of chil-
dren and adolescents. Cardiovascular dis-
ease, type 2 diabetes mellitus, degenerative
joint disease and depression in later life are
some of the undesirable consequences of
obesity in children.(5, 6) Almost 60% of
overweight children aged between 5 and 10
years are found to have at least one risk
factor for future cardiovascular disease such
as high blood pressure, abnormal lipid pro-
file, elevated insulin level and more than
25% two or more of these risk factors.(5)
Furthermore, evidence from experimental
and longitudinal cohort studies have shown
that overweight children are more likely to
suffer from psychological problems.(7)
Prevention and treatment of obesity is a
public health priority world-wide.
Overweight and obesity are influenced by
many factors including hereditary tendencies,
environmental and behavioural factors.(8) It
is difficult to determine which one has the
strongest effect on obesity. However, recent
evidence suggests that dietary factors and
physical activity patterns are strongly associ-
ated with increasing body weight.(9, 10, 11,
12, 13, 14) The association between obesity
and decreasing physical activity was assessed
in several studies.(15, 16, 17) Not only is the
role of diet in development of obesity poorly
understood, but also the limitations of dietary
methodology make it difficult to show an
association between diet composition and
prevalence of obesity.(18, 19) There is an
urgent need to identify dietary factors that
contribute to obesity among children and
adolescents so that preventive efforts can be
effectively targeted at an early age. This pres-
ent study aimed to compare food varieties in
the diet and the nutrient intake of obese and
non-obese children.
MATERIALS AND METHODS 
Subjects: The study was carried out in a
public primary school in an urban district.
The data were collected between November
and December 2006. 
Obesity prevalence usually changes
from 10% to 15% among school-aged chil-
dren.(2, 4) Assuming this proportion to be
15%, and allowing for a confidence level of
95% and a margin of 0.03 for errors, it was
calculated that the sample size required for
the study was a total of 545 children
between 6-10 years of age. Many obese
children come for treatment to our institu-
tion from urban districts of medium socio-
economical level which include a total of
21 schools. Fourteen of these 21 schools
were found to have at least 545 students
aged between 6-10 years. The study school
was selected randomly from among these
14 schools using a computer-generated ran-
domization program. The school had class-
es from 1st to 5th grades, and each grade
had 4 sections, with 35-40 students. In total
the school had 20 classes and 721 students.
Fourteen children with acute and chronic
illness were excluded from the study, and
20 students refused to partake in the study.
Thus the study was conducted on a group
of 687 children. 
Weight and height were measured by an
experienced dietitian. Weight was measured
by a portable scale with an accuracy of 0.1
kg, with the children in their underwear.
Height without shoes was measured using a
portable measuring device to an accuracy
of±0.5 cm which was fixed on the wall, with
the child standing straight with his/her back,
buttock, heels and head against the wall.
Body mass index (BMI) (kg/m
2) and BMI
SDS (standard deviation scores) of children
were calculated by using the standard BMI
score developed for Turkish children.(20) A
BMI value exceeding the 95
th percentile for
age and gender was taken as the criterion
for obesity. The children were grouped as
obese and non-obese.
Data relating to characteristics of parents
and children were obtained by a structured
questionnaire given to parents, which includ-
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status of the parents, birth weight and age of
onset of obesity in the child. The study was
approved by ethical committee and informed
consent was taken. 
Collection and assessment of food
intake: The dietary section of the study
conducted over three-consecutive days
(one day during the weekend) consisted
of food consumption records based on
household measures of quantities, e.g. the
serving size being designated as portion,
cup, mug, small or big glass, teaspoon,
tablespoon, as explained to the families,
who were requested to report the food
intake of their children on this basis. The
data on the diets were coded and record-
ed by a dietitian and analyzed by a biosta-
tistician. The dietary records of the chil-
dren were analyzed for total energy,
macro and micronutrient content using the
Bebis software dietary program developed
for the national nutrition programme.(21)
Mean energy and nutrient intake of the
children were evaluated according to the
recommended dietary allowances (RDAs)
for Turkey.(22)
Food group consumption: All foods
and beverages consumed by the children
were categorized into groups based on
methods developed by the US Department
of Agriculture for disaggregating mixtures
into their ingredients and assigning ingredi-
ents into groups in a Pyramid as seen in
Figure 1. For example, if a vegetable was
eaten with meat, the meat contributed to the
number of servings of meat, the vegetable
contributed to the servings of vegetables,
and so forth. Foods not consumed as mix-
tures were assigned directly to their appro-
priate group in the Pyramid.
Weights for each food were converted as
grams into the number of food group serv-
ings based on the methods proposed by
Cleveland et al.(23) A serving size was
defined according to the Pyramid as follows:
fruit, one medium piece of fruit; vegetable:
half cup/two tablespoons of cooked veg-
etable, 1 cup raw leafy vegetable, one medi-
um piece of raw vegetable; cereal: one slice
of bread, two tablespoons of cooked rice,
cracked wheat or pasta, one slice of cake
and pastry that contains an amount equiva-
lent to that in a standard slice of bread (25
g); dairy: one glass of milk, one cup of
yogurt, 1 oz. of cheese and two glasses of
‘ayran’ (drink made of yoghurt and water).
Fat was defined as the ‘fat added’ to the food
when cooking or ‘fat added’ at the table in
the form of spreads, sauces, and salad dress-
ings. Fat which occurs naturally in foods,
such as milk, eggs, meat were not counted
as added fat. Sugars were also defined as the
‘sugar added’ to foods such as cakes, bever-
ages, jams and ice cream as well as the sug-
ars consumed separately. Sugar which
occurs naturally in food, such as milk and
fruit were not counted as added sugars.
Data analyses and statistics: All calcu-
lations were performed by using Statistical
Package for Social Science (SPSS) version
11.9 (customer ID: 115429). Data on the
characteristics of parents and children were
presented as mean±standard deviation (SD)
and percentage (%). Energy and nutrient
intakes of children were given as mean±SD.
Student t-test was used to compare the
means. Mann Whitney U test was used to
compare the data of obese and non-obese
children. P value <0.05 was considered as
statistically significant. 
RESULTS
In this study, we evaluated the variety
of food, energy and nutrient intakes of 95
(13.8%) obese and 592 (86.2%) non-obese
children aged between 6 and 10 years. The
demographic characteristics of the parents
and children are summarized in Table 1.
Chronological ages and birth weights of the
obese and the non-obese children were
comparable. Age of onset on obesity
among children was 3.9±2.3 years. Mean
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non-obese children were 26.1±3.1 kg/m
2,
2.4±0.6 and 16.7±2.0 kg/m
2, -0.1±0.5
respectively. The children’s fathers had
attended school for more years than the
mothers. Most of the mothers of the obese
and the non-obese children were house-
wives (54% and 56% respectively), while all
fathers in the two groups held jobs as
employees. 
Daily energy and nutrient intake of the
obese and the non-obese children and their
evaluation according to RDAs are presented
in Table 2. While the obese children met
105% of daily energy requirements, energy
intake of the non-obese children was 98% of
RDAs. Moreover, calcium (Ca) intake of the
obese children and vitamin A intake of the
non-obese children, and other nutrient
intakes except fiber of both groups were
over the recommendations. Energy and vita-
min B12 intakes of the obese children were
significantly higher than the non-obese,
while vitamin C and Ca intakes of non-obese
children were higher than the obese
(p<0.01). The energy intake from fat, carbo-
hydrate and protein of all children were
34.0%, 50.0% and 16.0% respectively and
there were no significant differences
between the energy intake from protein, car-
bohydrate and fat of the obese and the non-
obese children. 
Mean number of servings consumed
from the five major food groups is present-
ed in the context of a pyramid recommend-
ed for school-age children (Figure 1).
Consumption of the obese children from the
cereal, meat, fat and sugar groups of nutri-
ents were higher than the recommended
and also higher than that of the non-obese
children. Although, vegetable-fruit and dairy
group intakes of all children were below the
recommended allowances, the obese chil-
dren consumed less from these food groups
as compared to the non-obese children. In
addition, obese children consumed more
snack foods, such as cake, pastry, cookies,
ice-cream, fast-food and soft drinks, than the
non-obese children. 
DISCUSSION
One of the most important findings of
this study is that the energy intake of obese
children is significantly higher than that of
non-obese children. The other significant
finding is that all children and especially
the obese children consumed excessive fat
and sugar but insufficient vegetable and
fruits. Obesity is usually thought to result
from excess energy intake and inadequate
physical activity.(16) Huang et al.(24)
reported that daily energy intake and ener-
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Age (years) 8.6±1.2 8.7±1.2
Birth weight (g) 3370±612 3436±607
Breast feeding
duration (months)
• Exclusive 3.1±2.0 3.7 ±2.1
• Total 10.0±8.0 11.0±8.3
Onset of obesity (years) 3.9±2.3 -
Gender 47% female, 48% female,
53% male 52% male
Body Mass Index 26.1±3.1 16.7±2.0
(BMI) (kg/m2) *






Mother 54% housewife 56% housewife
46% employee 44% employee
Father 100% employee 100% employee
*P<0.01gy density of the food consumed at meals
were significantly and positively related to
BMI. Similarly, we found that daily energy
intake of obese children was 140 kcal more
than those of non-obese children. In the
Bogalusa heart study it has been reported
that total energy intake of the 10 year-old
children remained unchanged between
1973 and 1994, while energy intake per
unit of body weight decreased from 65.5
kcal/kg in 1973 to 55.4 kcal/kg in 1994. In
fact, this result was due to the increase in
the weights of the children over the two
decades.(25) Likewise, Troiano et al.(26)
reported that mean energy intakes of chil-
dren aged between 6 and 11 years
decreased slightly or remained stable from
the early 1970s to 1994. An increase of
body weight noted when the energy intake
decreases or remains the same, is
explained by decreasing physical
activity.(17, 18, 19, 26) We have estimated
that if obese children do not spend energy
equivalent to more than 5% of RDA’s
through physical activity, their body weight
will increase by about 4 kg in a year. 
An elevated consumption of fats and
sugars and a low consumption of fruits and
vegetables among children has been
reported from several countries.(9, 10, 27,
28, 29, 30, 31) In the last 20 to 30 years, it
has been observed that children have con-
sumed more food out of home, in restau-
rants and especially in fast-food serving
places. They have come to consume much
more junk food as well as a lot of fruit juice
and soft drinks, and their diet includes
more fat and sugar and less vegetable and
fruit than the recommended. Also, the por-
tions served to children are large. Thus,
negative changes in eating habits have led
to an increase in energy input and the
resultant increase of obesity among chil-
dren.(9, 11, 24, 32, 33, 34, 35, 36) A faulty
nutritional pattern plays an important role
in promoting the increase of adiposity in
children.(16) Munoz et al.(29) indicated
that only 1% of children are meeting rec-
ommendations for the groups of foods in
the Pyramid and also demonstrated that the
diet of children greatly exceeded the rec-
ommendations for fat and added sugars.
Brady et al.(28) have also indicated that
children consume excessive energy (46%)
from the foods at the “tip” of the Pyramid.
The acceptable energy percentage of
intake from fats changes between 25 and
35% according to the Institute of Medicine,
Food and Nutrition Board.(37) In accor-
dance with Brady(28) and Munoz’s(29)
reports, all children in our study were
found to consume excessive amounts of fat
and the children in the obese group were
found to consume excessive sugar in par-
ticular. The percentage of energy intake
from fat by our study groups was found to
be at the upper limit. 
In our study, excessive fat consumption in
both groups is thought to result from exces-
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Figure 1: The pyramid for the five major food groups. The
recommended amounts for school-age children are listed in
black letters, while our findings for the obese group are written
in red and those for the non-obese group in blue characters. 
6 desert spoonfats, oils (30 g)
5 desert spoonfats, oils (25 g)
7 desert spoonsugar (55 g)
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sive consumption of snacks such as cakes,
pies, cookies and fast-food articles. Excessive
sugar consumption in the obese group result-
ed from consumption of excessive amounts
of ice cream, jam, patisserie and soft drinks
compared to the non-obese children.
In contrast to the excessive intake of
fats and sugar, the fruit and vegetable con-
sumption by the children is generally
insufficient. Numerous surveys have
reported that consumption patterns are
considerably below that based on the rec-
ommended amounts.(28, 29, 30, 31)
Similarly, in our study it was also
observed that the children consume insuf-
ficient amount of fruits and vegetables, the
obese children consuming one portion of
vegetable and two portions of fruit.
(Figure 1). Excessive fat and sugar versus
inadequate fruit and vegetable consump-
tion has been linked not only to the pro-
motion of obesity, but also to the increase
in the risks of developing cardiovascular
diseases and certain types of cancer.(36)
Therefore, the children should be encour-
aged to replace cereal snacks such as
cakes and pastry, with fruits, and to
replace soft drinks with skimmed milk and
yoghurt. Even such a slight dietary modi-
fication would decrease fat and sugar
intakes among children, and contribute to
prevention of obesity in childhood and
consequent reduction in the incidence of
chronic diseases in adulthood.
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Table 2: Mean daily energy and nutrient intake of obese and non-obese children and evaluation based on RDAs
Obese Children Non-Obese Children
(n=95) (n=592)
Daily intake Comparison of Daily intake Comparison of
(mean±SD) daily intake with (mean±SD) daily intake with
RDAs (%) RDAs (%)
Energy (kcal) 1971±495 105±26* 1829±620 98±33
Fiber (g)  19.4±8.0 77.7±32.1 20.1±8.9 80.4±35.6
Cholesterol (mg) 312±140 104±47 298±182 99±61
Vitamin A (µg) 506±664 101±132 414±363 83±27
Vitamin C (mg) 94.4±48.0 157±80* 132.1±77.2 220±129
Vitamin E (mg) 11.2±8.1 160±116 9.4±6.0 134±86
Thiamine (mg) 0.8±0.2 131±41 0.8±0.3 140±53
Riboflavin (mg) 1.5±0.6 244±102 1.5±0.5 248±86
Niacin (mg) 1.3±0.4 215±75 1.3±0.5 221±75
Vitamin B12 (mg) 5.3±6.6 442±550* 3.1±1.7 258±141
Folic acid (µg) 255±92 128±46 254±103 127±52
Sodium (mg) 3652±1307 147±52 2985±1225 119±49
Calcium (mg) 756±332 94.5±41.5* 847±333 105.8±41.6
Phosphorus (mg) 1203±364 241±73 1194±365 239±73
Iron (mg) 10.9±3.6 109±36 10.5±3.6 105±36
Zinc (mg) 10.4±3.3 209±66 9.6±3.2 193±64
Magnesium (mg) 246±90 189±70 257±86 198±66
*P<0.01
Energy and
nutrientsThe most important limitation of this
study was that we were unable to assess
the impact of physical activity on obesity.
In addition to diet, physical activity plays a
role in the diet-obesity equation.(13, 14, 15,
16, 38) The study by Andersen et al.(39)
has shown that children who watched 4 or
more hours of television per day had high-
er body fat and BMI values than those who
watched less than 2 hours per day.
In conclusion, this study showed that
obese children consume excessive fats and
sugar but less fruits and vegetables than
amounts recommended for these groups of
foods in the food guide Pyramid. These
results suggest that implementation of edu-
cation programs on nutrition may be impor-
tant for promoting knowledge about healthy
eating among children. A remedy for pro-
moting knowledge of healthy eating guide-
lines may include a strong family and
school-based nutritional education program.
We strongly believe that such programs
which also include enhanced physical activ-
ities should be effective to reduce childhood
obesity. 
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